Background/Aims: The aim of this study was to assess the effects of endoscopy nurse participation on polyp detection rate (PDR) and adenoma detection rate (ADR) of second-year fellows during screening colonoscopies. Methods: This was a single-center, prospective, randomized study comparing a fellow alone and a fellow plus an endoscopy nurse as an additional observer during afternoon outpatient screening colonoscopies. The primary end points were PDR and ADR. Results: One hundred ninety-one colonoscopies performed by a fellow alone and 192 colonoscopies performed by a fellow plus an endoscopy nurse were analyzed. The PDR was significantly higher when the nurse was involved (53.1% vs. 41.3%, p<0.05); however, there was no significant difference in the ADR between the two groups (38.5% vs. 29.8%, p=0.073). There was no difference in the percentage of patients with ≥2 polyps, advanced adenomas, polyp size, polyp location, and polyp shapes between the two groups. There was no difference in the PDR according to the level of experience of the endoscopy nurse. Conclusions: Endoscopy nurse participation as an additional observer during screening colonoscopy performed by second-year fellow increases the PDR; however, the level of experience of the nurse was not an important factor. (Gut Liver 2012;6:344-348) 
INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies in Western countries, and the incidence of CRC appears to be increasing in Asian countries. [1] [2] [3] [4] Colonoscopy is widely cess of colonoscopy depends on the search for and removal of adenomatous polyps that are precursors to CRC. 6 While the benefits of colonoscopy are well-established, the accuracy of colonoscopy is rarely questioned. Several studies have demonstrated that experienced gastroenterologists miss up to 11% of advanced adenomas and 26% of all adenomas. 7, 8 Thus, there are several studies that have focused on improving the detection of polyps and adenomas during colonoscopy. Factors reported to affect polyp and adenoma detection include the colonoscopy withdrawal time, the adequacy of the bowel preparation, and the time spent cleaning the colonic mucosa of excess fluid. [9] [10] [11] [12] Due to the increased demand of screening colonoscopy and the limited number of qualified colonoscopists, many screening colonoscopies are performed by gastroenterology fellows without supervision by attending physicians in South Korea. It has been our clinical experience that all aspects of the procedure may be facilitated by experienced endoscopy nurses, especially colonoscopy performed during gastroenterology fellowship training. Furthermore, trainees or a second, non-physician (nurse or technician) participation as an additional observer may be associated with polyp and adenoma detection. [13] [14] [15] A previous retrospective study reported that procedures staffed by nurses with ≤6 months of endoscopy nursing experience had 1.26-fold likelihood of not detecting a polyp compared with nurses with more experience. 13 However, there are no prospective studies which have assessed the effects of nurse participation as an additional observer on the polyp detection rate (PDR) and adenoma detection rate (ADR). Therefore, the aim of this study was to assess the effects of an endoscopy nurse as an additional observer on the PDR and ADR of second-year gastroenterology fellows during screening colonoscopies.
MATERIALS AND METHODS
This was a single-center, prospective, randomized study comparing a fellow alone and a fellow plus an endoscopy nurse as an additional observer for afternoon outpatient screening colonoscopies. The study protocol was approved by the Institutional Review Board of Kangbuk Samsung Hospital, which confirmed that the study was in accordance with the ethical guidelines of the Declaration of Helsinki. All participants provided written informed consent.
Subjects
Average risk patients ≥50 years of age scheduled to undergo outpatient afternoon screening colonoscopy at Kangbuk Samsung Hopital were eligible to participate. Subjects were excluded if they met any of the following criteria: 1) symptoms of lower gastrointestinal tract disease, including rectal bleeding, changes in bowel habits, or lower abdominal pain; 2) family history of CRC in first-degree relatives; 3) personal history of CRC, polyps, or inflammatory bowel disease; or 4) history of a colorectal examination (including colonoscopy or barium enema) within the previous 5 years, or colorectal surgery. In addition, subjects in whom the colonoscopy failed to reach the cecum were excluded from the analysis.
Study design
All patients underwent a standard bowel preparation with 4 L of polyethylene glycol electrolyte lavage solution on the day of colonoscopy. The randomization process was performed just before colonoscopy in a closed exam room by an investigator not involved in the colonoscopy procedure. Using a table of random numbers generated by a computer program, eligible patients were assigned to a fellow alone or a fellow plus an endoscopy nurse as additional observer. The results of the randomization were kept blinded from the endoscopist and the endoscopy nurse until starting colonoscopy.
Colonoscopy was performed under conscious sedation with midazolam and meperidine by one of eight second-year GI fellows who had performed >500 colonoscopies during the firstyear of GI fellowship training. Bowel preparation quality, cecal intubation time, and withdrawal time, as well as the polyp size, shape, and location, were prospectively recorded by the endoscopist. The time taken for biopsy, polypectomy, or other maneuvers was excluded from the withdrawal time. The quality of bowel preparation was rated by endoscopists on the basis of the following four criteria: excellent, good, fair, and poor. 16 The endoscopist estimated the size of each polyp with a calibrated open biopsy forceps, which was 7 mm in diameter. All polyps were removed during colonoscopy and sent for histologic evaluation. Six endoscopy nurses with variable levels of experience (range, 3 months to 5 years) participated in this study. The endoscopy nurses were not assigned to a specific endoscopist or specific endoscopy room. Endoscopists and endoscopy nurses rotated between cases and rooms in no set order. The endoscopy nurse assigned to the fellow only group assisted the colonoscopy procedure as usual, and did not communicate the endoscopic findings (especially polyps) with the endoscopist. The endoscopy nurse assigned to a fellow plus an endoscopy nurse as an additional observer noted the endoscopic findings carefully in an effort to detect more polyps.
Histology
Polyps were placed into the following histologic categories: 1) hyperplastic polyps, 2) adenomas, and 3) advanced adenomas or cancers. An advanced adenoma was defined as a lesion >10 mm in diameter, lesions with a villous component, or lesions with high-grade dysplasia. Patients with inflammatory polyps were classified as having normal colonoscopic findings for the purpose of analysis.
Statistical analysis
We assumed that participation by an endoscopy nurse would increase the ADR by at least 15% during a screening colonoscopy compared with that in the fellow-alone group. This was based on the result of a retrospective study that reported 14% improvement in the ADR by including fellows as second observers. 15 Considering a 5% dropout rate, the estimated sample sized per group was <200 with an a-value of 0.05 and a power of 80%. Quantitative data was compared using Student's t-test with the results expressed as the mean±SEM. All of the other qualitative data comparisons used a chi-square test.
Multivariate analyses were performed using logistic regression to assess the relationship between nurse involvement and polyp and adenoma detection during screening colonoscopies, adjusting for age, gender, withdrawal time, insertion time, and bowel preparation quality. A p<0.05 was considered statistically significant. All of the analyses were performed using SPSS version 11.5.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Between October 2009 and January 2010, 400 average-risk patients ≥50 years of age who were scheduled to undergo outpatient afternoon screening colonoscopy agreed to participate. Ten patients withdrew before bowel preparation (eight patients canceled the procedures and two patients did not want to continue participating in the study). Of 390 patients, 195 patients each were randomly assigned to the fellow-only or fellow plus an endoscopy nurse group. Seven patients (four in the fellowonly and 3 in the fellow plus an endoscopy nurse group) with a poor bowel preparation were excluded from the analysis (Fig. 1 ).
There were no significant differences in patient age, gender, cecal intubation time, withdrawal time, and bowel preparation quality between the two groups (Table 1) . When the endoscopy nurse was involved in the colonoscopy, at least 1 polyp was found in 53.1% of the patients compared with 41.3% in the fellow-only group (p<0.05) ( Table 2 ). The PDR was significantly higher when the nurse was involved. However, there were no significant differences in the ADR between the two groups (29.8% vs 38.5%, p=0.073). Multiple regression analysis was performed controlling for age, gender, insertion time, withdrawal time, and bowel preparation quality (Table 3 ). After controlling for all these variables, the PDR was significantly higher when the endoscopy nurse was involved as an additional observer (adjusted odds ratio [OR], 1.54; 95% confidence interval [CI], 1.00 to 2.36). There was no difference in the percentage of patients with two or more polyps between the two groups ( Table 4 ). The number of patients with advanced adenomas did not differ significantly between the two groups (4.1% vs 7.8%, p=0.196). Table 5 shows the characteristics of the polyps detected. A total of 326 polyps were removed. There was no difference in polyp size, location, and shape between the two groups.
The characteristics of additional polyps that fellows did not detect, but endoscopy nurse could detect is summarized in Table  6 .
Nurse experience as an additional observer was dichotomized at 12 months. Of 192 patients in the fellow plus endoscopy nurse group, 98 of the colonoscopies (54.1%) were attended by nurses with ≤12 months of GI nursing experience (Table 7) . There was no difference in the PDR based on the level of experience of the endoscopy nurse.
DISCUSSION
In the current study, the PDR was significantly higher when a nurse was involved as an additional observer in screening colonoscopy performed by second-year fellows. Further, this effect persisted after controlling for age, gender, withdrawal time, insertion time, and bowel preparation quality, which is known to be associated with polyp detection. 4, [9] [10] [11] [12] Our results confirmed the common sense expression, "two pairs of eyes are better than one." This is the first prospective study that reports higher PDR by the participation of an endoscopy nurse as an additional observer. Many screening colonoscopies are performed by fellows in South Korea. Attending physicians are present during the entire procedure for supervision when the 1st-year fellows perform screening colonoscopies. As is our standard practice, the attending physician may perform difficult parts of the procedure (difficult intubation or polypectomy), then allow the fellow to complete the remainder of the examination. However, due to an increased demand of screening colonoscopy and a limited number of qualified colonoscopists, many screening colonoscopies were performed by second-year fellows without supervision. In this situation, active participation by an endoscopy nurse as an additional observer may provide some help to struggling fellows.
So, how does the involvement of a nurse improve the PDR? Wallace 17 suggested that there are three scenarios for a missed adenoma. First, the polyp is not detected. A polyp is not present in the field of endoscopic view due to anatomic location, such as behind a fold or near the anal verge. Second, a polyp is recognizable, but not recognized. Some polyps are within the field of view of a passing endoscope, but are not recognized by the endoscopist at the time of the procedure. Third, a polyp is in the field of view, but not recognizable. Some polyps are within the field of view, but have no distinguishing features compared with surrounding normal tissue, and are thus unrecognizable without supplemental methods. The current study suggests that more efficient and effective visual scanning and recognition may be achieved by adding a second observer to improve detection of recognizable, but missed polyps. Visual recognition research has consistently demonstrated why polyps that are in the field of view may not be "seen." 18 Despite the misconception that most recognizalbe, but missed polyps are small, flat, and of uncertain clinical significance, the current study showed that the size and shape of the detected polyps did not differ between the groups. An increase in the PDR with nurse participation could be attributed to an increased detection of hyperplastic, rather than adenomatous lesions by a second set of eyes. Then, why does nurse participation not increase the ADR? A 29.8% ADR achieved by the 2nd-year fellow alone is sufficient, thus an additional observer cannot provide statistically significant improvement. Furthermore, a fellow may expect a lower ADR without nurse participation and probably tries to find more polyps by themselves.
Endoscopy nurses usually focus on performing their responsibilities, such as monitoring the patient, administering sedation under physician supervision, assisting with polypectomies, and other technical aspects of the procedure. All aspects of the endoscopic procedure may be facilitated by an experienced nurse. A previous retrospective study showed that an experienced nurse increased the PDR compared with an inexperienced nurse. 13 The endoscopy nurse may be asked to participate in another important task as an additional observer to improve the quality of screening colonoscopy. Also, the methods for maximizing polyp detection should be a part of endoscopy nurse training programs.
Our study had a limitation. Observer bias may have occurred. Endoscopists might be more aggressive in polyp detection than usual when they are aware that the PDR is monitored. Fellows may expect a lower PDR without nurse participation and prob- ably try to find more polyps by themselves.
In conclusion, this prospective study has shown that endoscopy nurse participation as an additional observer in screening colonoscopy performed by second-year fellows increases the PDR. However, the level of experience of a nurse was not an important factor. We have initiated another study to assess the effect of nurse participation on the PDR during screening colonoscopy performed by experienced attending physicians.
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